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Introduction

* 360° video streaming is significantly challenging

owing to its resource-intensive encoding and storage
requirements

* Adaptive streaming: each 360° video is divided into a

set of tiles that includes different bitrate levels of the
tiled video

* Representation sets for the video content forms the
encoding ladder
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Cost-Optimal Encoding Ladders

* Tiles affects coding efficiency

e Tiles have a differentlevel of contribution for the
overall 360° video viewing quality

— new encoding ladder configurations are required

= focus on the configuration of cost-optimal
encoding ladders in adaptive streaming systems
e considering both the provider’s and client’s perspective

* develop an encodingladder estimation method for tiled
360° video streaming



System Models: Distortion
Modeling
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System Models: Cost Modeling

* Encoding cost

* Storage cost
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Problem Formulation

* Constraints
e Bandwidth: Biin and Bnax

Profiles: P1 D2 p3 P4
Bmin (Mbps) 1 3 15 25
B™3T (Mbps) 4 20 30 40
A 025 025 025 0.25

* Computational and storage costs: C,,.,and S, .,
* Encodingrate: minimum step size t
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Problem Formulation

* Constraints
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Experimental Setup

Profiles: p1 P2 p3 P4
e N=1 B™™ (Mbps) 1 3 15 25
0 B™aT (Mbps) 4 20 30 40
A 025 025 025 025
* H.264/AVC
] Sequence Jfspa  Jtmp O
° . -
Quality: WS-MSE and — o7 0,065
WS_PSN R Stitched_left_Dancing360_8K 0.884  0.110 01
Basketball 0843 0090 _
i i i KiteFlite 0.861 0.090 2
* Baselines: one-size-fits-all ~chant 0780 0212
. SkateboardInLot 0.827 0521 3
encoding ladders
e |LP using Apple [15] Axinom [21] Netflix [16]
P omo Z (Mbps) W x H Z (Mbps) W x H Z (Mbps) W x H
Yy 45 8192 x 4096 45 8192 x 4096 43 8192 x 4096
30 8192 x 4096 30 8192 x 4096 30 4096 x 2048
20 4096 x 2048 21 4096 x 2048 23.5 4096 x 2048
11 3072 x 1536 12 3072 x 1536 17.5 3072 x 1536
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RD Performance Gain

* High diversity in video content characteristics

* One-size-fits-all schemes cannot provide cost-
optimal and high-quality streaming performances
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Average WS-PSNR [dB]

RD Performance Gain

Sequence

fspa

ftmp

Train
Stitched_left_Dancing360_8K

0.977
0.884

0.065
0.110

o1

Basketball
KiteFlite

0.843
0.861

0.090
0.090

02

ChairLift
SkateboardInLot

0.789
0.827

0.212
0.521
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BD Rate (%)

Sequence v

Streaming vendor

Apple  Axinom  Netflix

Stitched_left _Dancing360_8K

-5.557 -5.885 -69.253

KiteFlite

-13.876  -14.436  -69.178

SkateboardInLot

-1.673 -1.701 -1.155




Experiment Scenario

* Constraints of S, and C_,, are 8000, t= 1.2, and

M=12

Representation

Sequence v | ol | 1 2 3 4 5 6 7 8 9 10 11 12
0.0 | (91,1.47) (91,1.78) (g1,2.15) (91,3.8) (g91,4.6) (91,5.6) (92,10.84)  (g2,13.11)  (g2,15.87)  (92,28.11)  (g3,34.01)  (g3,41.15)
Stitched_left_Dancing360_8K | 0.1 | (g2,1.34) (g2,1.61) (g2,1.95) (g2,2.60) (g3,3.14) (g3,3.80) (93,6.12) (93,7.40) (93,8.96) (93,17.45) (g3,21.12)  (g3,25.55)
0.5 | (92,1.00) (g2,1.21) (g2,1.47) (g2,2.36) (g3,2.86) (g3,3.46) (g3,6.12)  (g3,7.40)  (g3,8.96) (93,1745) (g3,21.12) (93,25.55)
0.0 | (g1,1.47)  (91,1.78)  (g2,2.15)  (92,3.80) (g2,4.60) (93,5.56) (g3,10.84)  (g3,13.11) (g3,15.87) (g3,28.11)  (g3,34.01) (g3,41.15)
KiteFlite 0.1 | (g1,147) (91,1.78) (92.2.15) (92,3.80) (g2,4.60) (93,5.56)  (93,6.73)  (g3,8.14)  (g3.9.85)  (g3,17.45) (g3,21.12)  (g3,25.55)
0.5 | (g1,1.00) (g1,1.21) (g1,1.47) (g2,2.36)  (g2,2.86) (g2,3.46)  (g3,6.12) (g3,7.40) (93,8.96)  (g3,17.45) (g3,21.12)  (g3,25.55)
0.0 | (g1,1.47) (91,1.78) (91,2.15) (91,3.80) (91,4.60) (91,5.56) (g2,10.84) (g2,13.11) (g2,15.87) (g2,28.11) (g3,34.01) (g¢3,41.15)
SkateboardinLot 01 | (grld7)  (.178) (91215 (91286) (41.346) (91.418) (91.612) (91.740)  (1.896) (g1,1745) (92.21.12) (g2.25.55)
05 | (91,121) (91,147) (91,1.78) (91,2.36) (g1,2.86) (91,346) (91,6.12)  (91,7.40)  (91,8.96) (92,1745) (g2,21.12)  (92,25.55)

Sequence v Acost (%)

Adistortion (%)

vy=01 ~v=0.5

y=01 ~=05

Stitched_left_Dancing360_8K 37.463 39.683

-13.628 42914

KiteFlite 33.165 39.206

-9.564 -25.326

SkateboardInLot 37.214 38.884

-8.977 -15.26




Conclusion

* A novel encoding ladder estimation method for
tiled 360° video streaming systems, considering
both the provider’s and client’s perspectives

* The developed system included classification of the
content type, distortion modeling, cost modeling,
and problem formulation

* Achieved significant bitrate savings compared to
the one-size-fits-all encoding ladders

e Automatically find cost-optimal encoding ladders
using several practical constraint



